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(54) Abstract Title .. ^ . . 

Re-synchronisation and clock calibration in slotted paging mode CDMA radiotelephone 

(57) A CDMA radiotelephone 104 enters a low power sleep mode and times the duration of the sleep mode 
using a sleep clock generator (205, fig. 2) having a coarse resolution (32KHz). The radiotelephone synchronises 
timing of the radiotelephone to the system timing using an oscillator 116 having a fine resolution (16.8MHz). 
The radiotelephone then exits the low power sleep mode synchronised with the system timing. The fine 
resolution clock is de-activated when the sleep mode is entered but re-activated before the telephone exits 
from the sleep mode to allow sufficient time for the fine resolution clock to stabilise. An offset between the 
coarse resolution clock and the fine resolution clock and an offset between the timing of the coarse resolution 
clock and the timing of the system timing are determined and used in the process. The system timing indicator 
comprises a pseudorandom noise (PN) roll boundary of a short PN sequence transmitted by a system base 
station. 
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RADIOTELEPHONE AND METHOD FOR 
CLOCK CALIBRATION FOR SLOTTED PAGING MODE 
IN A CDMA RADIOTELEPHONE SYSTEM 



10 Field of the Invention 

The present invention generally relates to reducing power 
consumption in portable radios such as radiotelephones. More 
particularly, the present invention relates to a method for operating a 
15 radiotelephone in slotted paging mode in a Code Division Multiple Access 
(CDMA) radiotelephone system. 

Background of the Invention 

20 Slotted paging mode is a form of discontinuous reception (DRX) 

operation for a battery-operated mobile radio such as a cellular 
radiotelephone. The mobile radio is configured for radio communication 
with one or more remote base stations in a radiotelephone system. In 
slotted paging mode, when the radiotelephone (also referred to as a mobile 

25 station) is in an idle mode (i.e., not engaged in a call), the radiotelephone 

does not continuously monitor a paging channel but generally remains in 
a low power state. 

Slotted paging mode is critical to the life of the battery of the 
radiotelephone. The goal of slotted mode operation is to reduce the on 

30 time of the radio to a minimum and to power down as much of the radio 

as possible during sleep periods. In the idle state, the radiotelephone 
wakes up only during slots preassigned by the radiotelephone system or to 
process some other condition, such as a user input. 

When recovering from a sleep period, the radio must reacquire a 

35 radio frequency (RF) link with a base station in the radiotelephone system. 

Link acquisition and other operations including communication protocols 
for such a system are defined in an air interface specification. One 
example of such an specification is Telecommunications Industry 
Association /Electronic Industry Association (TIA/EIA) Interim Standard 

40 IS-95, "Mobile Station-Base Station Compatibility Standard for Dual-Mode 
Wideband Spread Spectrum Cellular System" (IS-95). IS-95 defines a direct 



sequence code division multiple access (DS-CDMA or CDMA) 
radiotelephone system. 

To reacquire an RF link, a radiotelephone in a CDMA system must 

S *Z fT* With , sys,em ^ which is 4,16 ~*^«* "yb"L 

stations and a network controller in the CDMA system. Timing for foe 
forward hnk (base station to mobfle station, must be maintained 
radiotelephone with the expectedon that, when an assigned slot occurs 
foe ra dlo can wake up quick*, make correcdons for timing uncertafodes 
and be ready to acquire and process the paging channel. 

Synchronizadon with the forward link involves alignment of 

r ud °™ d ° m noise <™> ^ 

transmuted by a base stadon on a pilot channel. The transmitted 
sequences include a "short PN" sequence which repeats every 26-2/3 ms 
and a "long PN" sequence which repeats once ever£ 4, dayf£ 
radtotelephone contains sequence generators which generate short PN and 
long PN sequences identical to those used by the base stadon. The 

""t* 3 SearChCr ~*« ° r «*« danism for aligning 
foe hor, PN sequence with those received from a base stadon. Oncfle 
Pilot channel has been acquired, the radiotelephone acquires a 
synchrony channel and a paging channel. The radiotelephone can 
then correctly demodulate traffic channels and establish a full du^nk 
with the base station. ""piex iiiuc 

When waking up after a sleep time, the radiotelephone must 
synchrony with foe long PN sequence and short PN sequence. Both the 
hor. PN sequence and the frame boundary repeat with reasonable 
frequency m an IS-95 system. Frame boundaries occur on every third PN 
ro boundary. A PN roll boundary is defined as the short PNsequence 

on^N ,0 * Wtial ValUe - At *« moMe ^ ^ort PN and 
ong PN sequences are generated using a linear sequence generator (LSG, 
LSGs are described by polynomials and implemented using shift regteS' 
and excluswe-or gates. Since the short PN sequence repeal Jy^t 
2/3 ms when exiting sleep the LSG can be convenient^ stopped la. a 
ParttcuUr phase in the sequence unttl the phase correlates With the system 
PN The short PN LSG is then restarted, in synchronization with X 



-3- 



5 The long PN sequence, however, repeats only every 41 days. It is 

impractical to stop the long PN generator of the radiotelephone (for 
example, when it is time to sleep), then rapidly clock it to catch up with 
the system's long PN when it is time to wake up. 

Since the short PN sequence and long PN sequence transmitted by 

10 the system varying predictably with time, acquiring the PN sequences 
requires mat an accurate time reference be kept at the mobile station 
during sleep mode. The appropriate PN sequences can be determined for 
correlation with the system PN sequences upon exit from sleep mode. 
However, maintaining a highly accurate timing reference requires 

15 relatively high power dissipation, which is inconsistent with a low power 
sleep mode. 

In addition to exiting sleep mode during assigned slots, the 

radiotelephone may also be required to wake up to process or respond to 

other events occurring asynchronously in the radio. One example of such 
20 an event is a user input, such as a keypress of the keypad of the 

radiotelephone. Response to such an input should be rapid, with no 

perceptible delay for the user. 

Accordingly, there is a need for a method and apparatus for 

controlling entrance to and exit from slotted paging mode in a mobile 
25 station such as a radiotelephone. There is a further need for a low power 

method and apparatus for keeping accurate time in a mobile station such 

as a radiotelephone. 



Brief Description of the Drawings 

The features of the present invention, which are believed to be 
novel, are set for* with particularity in the appended claims. The 
invention together with further objerts and advantages thereof, may best 
be understood by making reference to the following description taker T 
connmcbon with the accompanying drawings, in me several figur^T 
which like reference numerals identify identical e.ements, and wherein: 
1 a a block diagram of a radiotelephone system- 
ic Ia * "°± dia8Iam of a of *e radiotelephone of FIG. 1; 

-J5£ - « " are a flow diagram m — * ~ - 

HG. l;" G d " "" i H& 4B ^ 3 ^ dia8Tam f ° r * e " di °«ephone of 
of FIG. T' 5 te 3 fl ° W diagram il! ^ting operation of the radiotelephone 

Detailed Description of a Preferred Embodiment 

olurab^r 8 '° 3 radi ° tele P h <™ W*n 100 includes a 

plurahty of base stations such as base station 102 configured for radio 

conjunction with one or more mobUe stations including a Code 

M™!d M (CDMA> radi «°- «"* » radiotelephone 

104. The rad.otelephone 104 is configured to receive and transmit dLc, 
sequence code d,vsion multiple access (DS-CDMA) signals to 
communicate with the plurality of base stations, including base station 102 
In the lUustrated embodiment, the radiote.ephone system ,00 is a OTmT 

Z T~M^T? m : mS aCC ° rding '° T1A/EIA tate ^ Standard 
Wideband ^ Com P a «"mry Standard for Dual-Mode 

Wideband Spread Spectrum Cellular System," operating at 800 Mrfe 

w n2 e ^ rad : oteleph r sys,em 100 couid °^ ate ta a ~« 

It" ! M "f. T mClUdi " 8 SySttms at 1800 MH* or with any 
other suitable digital radiotelephone systems. 

The base station 102 transmits spread spectrum signals to the 
radiotelephone 104. The symbols on the traffic channel Te spread using a 
Walsh code m a process known as Walsh covering. Each mile steti"n 
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5 such as the radiotelephone 104 is assigned a unique Walsh code by the base 

station 102 so that the traffic channel transmission to each mobile station is 
orthogonal to traffic channel transmissions to every other mobile station. 
The symbols are spread using a short PN sequence or code, which repeats 
every 26-2/3 ms and a long PN sequence or code, which repeats every 41 

10 days. Communication on the radio frequency (RF) link between a base 

station and the radiotelephone 104 is in the form of chips at a chip rate of 
1.2288 Mega-chips per second.'" A chip is a data bit. 

The radiotelephone 104 includes an antenna 106, an analog front 
end 108, a modem 110, a call processor 112, a timing controller 114, an 

15 oscillator 116, a user interface 118 and a battery 150. The battery 150 

provides operating power to the other components of the radiotelephone 
104. 

The antenna 106 receives RF signals from the base station 102 and 
from other base stations in the vicinity. Received RF signals are converted 

20 to electrical signals by the antenna 106 and provided to the analog front 
end 108. The analog front end includes an RF portion 109 including 
circuitry such as a receiver and transmitter which may be powered down 
in slotted paging mode. The analog front end 108 filters the signals and 
provides conversion to baseband signals. 

25 The analog baseband signals are provided to the modem 110, which 

converts them to streams of digital data for further processing. The 
modem 110 generally includes a rake receiver and a searcher receiver. The 
searcher receiver detects pilot signals received by the radiotelephone 104 
from the plurality of base stations including the base station 102. The 

30 searcher receiver despreads pilot signals using a correlator with system PN 
codes generated in the radiotelephone 104 using local reference timing. 
The searcher receiver includes one or more sequence generators such as 
linear sequence generator (LSG) 120 for generating the PN codes. The 
modem 110 correlates the locally generated PN codes with the received 

35 CDMA signals. The modem 110 detects system timing indicators 

transmitted by the radiotelephone system 100. Specifically, the modem 110 
detects PN rollover boundaries in the CDMA signal and provides an 
indication of the PN rollover boundaries to the timing controller 114. The 
modem also includes circuitry for transmitting data from the 
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radiotelephone 104 to base stations such as base station ,02. The modem 
110 may be constructed from conventional elements 

104. ^X^lnlZT 1 ' ^ ° f ^ ^^hone 

processor 112 operates in response to stored programs of 

ZTl ^' PrOCe!SOr 112 1,38 a dock fa P ut 122 living a clock 

■«ud and an interrupt input 124 coupled to the timing controlled for 
receiving mtermpt requesl sjgnab ^ or 8 n re ^™'° r 

for ,T ^ ""^ OT WWch ^telephone mlt^Tk 

system time, advancing LST cf a *~ a ^ , l " uae xee P m S track of 
oavanong LbG states, restartmg the oscillator 116 enahW 

112 is coupled to other elements of the radiotelephone 104 sST^" 

connections are not shown i« Kir- i " 

drawing figure » FIG. 1 so as to not unduly complicate the 

In pam^arr^™" "* C ° n,r0lS ° f te ™<«°*lephone 104 

local fiming o, the radiotelephone ^ £ ^tim^T *" - 
adiotelephone system 100. The tuning controller 114 ha! a dock input 130 
for rece ; vmg a clock signal from foe oscillator 11 6 , an inte^mpT/s 
fo rece,vmg mterrup, requests from the user interface 118 and an 
interrupt mpu, 132 for receiving interrupt requests from othTr 
components of the radiotelephone 104. 

tin,in.? e "TH 8 C ° ntrOUer 114 h3S 3 ""^S *>P ul for receiving 
hnung signals from the modem 110 and a timing output 136^TI h- 
timing signals to the modern i in n. ^ • OUI Put 136 for providing 

in FIG IJ^ivtd froTi ta " ng Signak 0abekd PNSTROBE 

' """^ ^ 11,6 modem "0 correspond to PN roll boundaries 



of the radiotelephone's short PN sequence synchronized to the base 
station. A PN roll boundary is denned as the return of the short PN 
sequence to its initial value. The PNSTROBE is a series of pulses every 26- 
2/3 ms synchronized to the PN roll boundary. The timing signals (labelled 
CHIPX8 in FIG. 1) provided to the modem 110 are clock signals at a rate 
eight times the chip rate, or 8 x 1.2288 Mega-chips per second. Other 
suitable rates may be used. When this timing signal is removed from the 
modem 110, the modem 110 enters a low power mode and all internal 
states are frozen. 

The oscillator 116 is a reference oscillator for generating a reference 
clock signal at a first rate. In the illustrated embodiment, the oscillator 116 
is a fine resolution clock which produces a highly accurate, fine resolution 
clock signal such as a 16.8 MHz clock signal. The timing controller 114 has 
a control output 138 for providing a control signal to the oscillator 116. In 
response to the control signal, the oscillator 116 is selectively activated and 
inactivated. When inactivated, the oscillator enters a low power mode. 
The timing controller 114 further provides a control signal (labelled 
RXCTRLB in FIG. 1) to the analog front end 108. In response to this control 
signal, a portion of the analog front end 108 is selectively powered down. 

Referring now to FIG. 2, a sleep time controller 200 of the timing 
controller 114 includes a clock edge synchronizer 202, a programmable 
divider 203, a sleep clock generator 205, a reference timer 204, a reference 
latch 206, an offset latch 208, a sleep timer 210, a sleep latch 212, a 
comparator 214, registers 216, and select logic 218. Under control of the call 
processor 112, the sleep time controller 200 places the radiotelephone 104 
in a low power sleep mode having a duration based on the timing accuracy 
of the sleep clock generator 205. In the sleep mode, the sleep time 
controller 200 simulates system timing until end of the sleep duration 
determined by the call processor 112 (FIG. 1). 

The call processor 112 determines timing of one or more events for 
reactivating the radiotelephone 104 from sleep mode. In the illustrated 
embodiment, the call processor calculates an enable oscillator time for 
restarting the oscillator 116, a warmup time for reactivating a portion of 
the RF portion 109 of the analog front end 108, and a pre-wake time for 
restarting a reference timer used for obtaining fine timing resolution 
necessary for restarting the CHIPX8 clock signal to the modem. 
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The sleep clock generator 205 generates a sleep clock signal The 
leep clock generator 205 is a coarse resolution clock which ge^erates^ 
coarse resoluhon Cock signal, the sleep dock signal. The sleep c elk 
generator 205 produces the sleep clock signal a,f second CoTr ate which is 
different from the firs Hnrl rat** ~t «.u •« wmcn is 

» tne nrs clock rate of the oscillator 116. In the illustrated 
embodtment, the sleep dock signal is a 32 KHz signal, bu, any Z e 
ft^quency may be used. The programmable divider divides L sleep dock 
frequency by, for example, powers of 2 in the range 1 2 4 128 

The dock edge synchronizer 202 has a fast clock input 220 for 
recetvmg a htghly accurate clock signal from the oscillators (HC ,) a 

d^ d T ' T " «- ^ dMk which^s bl 

div.ded down by me programmable divider 203, and a PN roll inputS, 
for recetvmg the PNSTROBE signal from the modem 110 (FIG 1) 

^ clock edge synchronizer 202 provides two clock signals' At a 
hrst output 224, the clock edge synchronizer 202 provides a sCdri 
s.gnal. In the illustrated embodiment the sleeo elnri, ! , • , 
coarse resolution Cock signal, having 'a rej'^Xdeo ^ 
programmable d.vider 203. At a second output 226, the clock ed~ 
synchrony 202 includes provides a referent Cock signal. InTe 
^ushated embodiment, the reference clock signal is a ^ £ f (e g 16 , 
MHz,, fine resolution Cock signal. The reference dock ^naTTturned off 
during sleep mode to conserve battery power in the radiotelephone ^ 
clock edge synchronizer 202 synchronizes the various asyn^us « 
edges to provide appropriate clock and latching signals ^^"^ Clock 

r a HW f f*^' *" timinS COntr ° ller 114 P laces a P°«lon of the CDMA 
radmtelephone 104, inCuding the oscillator 116, in a low power sleep 

ml 6 ' £*■ ^ 8 C ° nlrOUer "* * ta — *"»*» <* *e low PoweTsleep 
mode utthzmg the coarse resolution Cock signal. The clock eoT * 

synchrony 202 synchronizes timing of the CDMA radiotel^one to 
system nnung of the CDMA radiotelephone system using ST 
resc^non dock signal. Tbe clock edge synchronizer 202 ^0^ the 
CDMA radtetelephone from the low power sleep mode substanLy 
synchroxuzed with system tiining. ostannauy 

In one mode of operation, the timing controller 114 measures 
durahon of one or more of the coarse resolution dock or sZ 
penods usmg me fine resolution clock signal from the oscillafor it This 



-9- 



5 is done by counting the number of complete reference clock periods which 
occur over an integer number of sleep clock periods. 

The radiotelephone 104 enters a low power sleep mode for a time 
duration that is based on sleep clock periods. The measurement of the 
sleep clock period can be improved by counting a larger number of sleep 

10 clock signal periods and reference clock signal periods. The better the 
measurement accuracy, the longer the time duration of the sleep mode 
may be extended while still permitting exit from the sleep mode 
substantially synchronously with a PN roll boundary. 

For timing control, the call processor 112 keeps track of PN roll 

15 boundaries, too, and uses them to know what the system time is. In order 
to know the values of the sleep timer 210 and the reference timer 204 at a 
future action time, the call processor must have four pieces of 
information. The first is the duration of the one sleep clock period. The 
second is the system time at the last PN roll boundary. The third is the 

20 contents of the sleep timer 210 at the time of the last PN roll boundary. 

The fourth is the difference between occurrence of the PN roll boundary 
and the next rising edge of the sleep clock signal. This fourth piece of 
information is necessary to provide the fine timing necessary to resolve 
time to an accuracy of a period of the reference clock. To provide this 

25 information, the sleep timer 210 counts periods of the sleep clock signal 
and the reference timer 204 counts periods of the reference clock signal. 

The sleep latch 212 is coupled to the sleep timer 210 for storing 
contents of the sleep timer 210 at a first predetermined time. On rising 
edges of the sleep clock signal, including as the radiotelephone 104 

30 prepares to enter sleep mode, the current value of the sleep timer 210 is 

stored in the sleep latch 212. The value is latched just after the rising edge 
of the sleep clock signal following a PN roll boundary indicated by the 
PNSTROBE signal at the input 223. This value is used by the call processor 
112 to compute wakeup times by storing a copy of the system time. In the 

35 illustrated embodiment, the sleep timer 210 and the sleep latch 212 are 
both 16 bits wide. 

The reference latch 206 is coupled to the reference timer 204 for 
storing contents of the reference timer 204 at the first predetermined time 
or any suitable time. The current value of the reference timer 204 is stored 

40 in the reference latch 206 just after each rising edge of the sleep clock signal 
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mput 223 The reference latch 206 counts the number of reference clock 
penods that occur over the number of sleep dock periods indicated by L 
value stored m the steep latch 212. In the illustrated embcd^enT^e 
reference timer 204 and the reference latch 206 are both 24 bits wide 

the ? 6 ??■ u btCh 18 C ° Upled <° * e referenre 204 for storing 
*e content of the reference timer 204 a, a second predetermined time 
The value ,s latched ^mediately after a PN roll boundary indicated by the 
PN strobe s.gnal at the input 223. The current value of the reference timer 
204 ■ stored m the offset latch 208 just after the firs, rising edge of Ae sLn 
clock stgnal following a PN roU boundary indicated by the PnWbe 

subtracted from the contents of the reference latch 206 to yield the time 
smce the last PN roil boundary. Thus, the offset latch stores a time W a 
Us, received system timing reference to the firs, predetermined time ™ 
the illustrated embodiment, the offset latch is 24 bits wide 

The comparator 214 compares the contents of the sleep nmer 210 
and *e con ems of one of the registers 216. The comparator 214 p'o vLes a 
match s.gnal ,o me select logic 218. The registers 216 Ira data 
corresponding to one or more predetermined event times, the 
predetermined even, times corresponding ,o wake up events. In the 
dlustrated embodiment, a fire, reg i st e r 230 stores an Lble oscillator time 
correspond^ ,„ a sleep coun, a, which the osciUator H6 is to ^ ^ 
A second renter 232 stores a warmup time corresponding to a sleep taer 
count when a portion of the analog front end ,08. A third registeHL 
stores a pre-wake time corresponding to a sleep clock coun, wL the 
reference hmer 204 is to be reactivated. 

f G t 3A md HG. 3B are a flow diagram illustrating operation of the 
mdmtetephone 104 of FIG. 1 for entering and exiting slottd paging ° 0 u7 
FIG. 3A and 3B wiU be described in conjunction wift FIG. 4A anTn" 4 B 
**; 3 «*" Ul"3trating timing relationships of signals'in ' 

The method begins at step 302. 

At step 304, the radiotelephone 104 receives a CDMA sienal fmm , 
ba« stea omtora ^ ^ ^ ^ £££ X 

stetion such as base station 102 to the radiotelephone 104. Initially, the 
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clock edge synchronizer 202 provides the sleep clock signal 402 at a 
predetermined frequency, such as 32 KHz, the sleep timer 210 is off 404 and 
the sleep latch 212 does not contain a valid value 406. Similarly, at the 
beginning of the method, with the radiotelephone 104 in an active mode, 
the CHIPX8 clock 408 is active, point 410, RF portion 109 of the analog front 
end 108 are powered on, point 412, and the oscillator 116 is powered on, 
point 414. At step 306, the base station 102 informs the radiotelephone 104 
of the time interval at which the radiotelephone 104 should wake up and 
look for pages. 

At step 308, the radiotelephone enters slotted mode. At step 310, the 
call processor 112 enables the slotted mode logic of the sleep time 
controller 200. At step 312, the radiotelephone 104 resets the sleep timer 
210 and the reference timer 204 and begins monitoring its assigned slot. 
The sleep timer 210 begins counting the number of edges of the sleep clock 
signal 402. In FIG. 4A and FIG. 4B, the number shown adjacent to the sleep 
timer edges corresponds to the contents of the sleep timer 210, starting at 
the reset value 0 and incrementing by one with each rising edge of the 
sleep clock signal 402. The reference clock signal and reference timer 204 
operate in similar fashion. 

At step 314, a system timing indicator such as a PN roll boundary 420 
is detected. The PN roll boundary 420 and subsequent PN roll boundaries 
correspond to the PN roll boundaries of system timing. Other system 
timing indicators may be used, but the PN roll boundaries are well suited 
because they occur with precise regularity at short period (26-2/3 ms). In 
response to the PN roll boundary 420, the current value of the reference 
timer 204 is latched into the offset latch 208 at point 420. At step 315, the 
first rising edge following the PN roll boundary causes sleep timer value to 
be latched into the sleep latch 212 and the reference timer value to be 
latched into the reference latch 206. The radiotelephone 104 operates in a 
loop including step 314 and step 316 while monitoring the paging channel 
until, at step 316, the radiotelephone 104 is ready to go to sleep. 

At step 316, the call processor 112 determines that it is time for the 
radiotelephone 104 to go to sleep. At step 318, the call processor 112 
disables the reference timer 204 and the modem 110. The RF portion 109 of 
the analog front end 108 is also powered down, point 432. The sleep timer 
210 remains active. At step 320, the call processor 112 reads the value of 
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tZSZ ' at f - ^ PrOCeSS ° r 112 ako reads - the offset 

latch 208 and » the reference timer 204. These values yield the time o/T 
previous PN roll boundary 42a n,. ™n 

wake™ « m . -n. .. ^ ° U P rocessor »2 *en determines a 

vvakeup tune. The call processor 112 calculates one or more'wakeuo 
fa -ting the sleep mode. The call processor 112 compTt^ £ZS? 
umrng controller 200 should wake up different parte of the radio 
wntes data corresponding to those times to the registers 216 

At step 322, the CHTPX8 clock to the modem 110 is disabled n, „ 
processor 112 uses the contents of the sleep timer 210 th, Zt 
,04 and the offset latch 20S to calculate ZZXZZZT- 
boundary. Abo, the call processor 112 advances the LSG 120 of..,. 
110 ahead to the time when the CHTPX8 dock wiU^taL ** ^ 

oscillator m .£* "J! Pr ° CeS5 ° r COmpUteS toe to "««» °" the 
n^m 10 T^ ° f 31,3108 *"* « d 108 *e 

foUol" PrOCeSS ° r 112 P 6 *™ 5 imputations as 

Wake "~r m *" 3 * WWch modem 110 WD wake up and 
attempt to reacquire the system 

^^Ihr^T = SyStem ^ ° f * e PN r °" °" whi <* the -n te nte of 
the two oners was latched prior to going to sleep. 

° SC ~T^Tk = ^ am ° Um ° f * e " dlta » »« «* to be on 
before the output is locked and stable 

RF.wann hme = the amount of time the RF portion 109 of the analoe 
front end 108 needs to be on before providing useful out!? 

^ t^rr esttaate: w = f - * <sieep ,a4 — ; *<^ 

Sleep ~ = ~ ^--^ to tirst s.eep Cock signa, 

Value to program into the reference timer register: REFTIMEr = . n 
Truncate^ • (wake.time - (pre-wake time /£_,)„ ' 

Trunca te[(wake_time-(latched.pn.tune + t M1 J).f , 

p D RE^A^TT2 th r am,UP ^*™E . 

PREWAKETTME - TruncatetRF.warm time • f 1 

~ sleep J • 
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Value to program into the enable oscillator time register: ENOSCTIME = 
WARMUPTIME - Truncate[osc_warm_time * f^)], 

Using the timing diagram of FIG. 4A and FIG. 4B, ENOSCTIME = M 
+ A; WARMUPTIME = M + B; and PREWAKETIME = M + C, where A > (P 
- M) + 1, B > A, and C > B. 

At step 326, the radiotelephone 104 enters a low power sleep mode. 
The oscillator 116 is powered down by removing power to the oscillator 
116, point 428. The CHIPX8 clock signal from the timing controller 114 to 
the modem 110 is stopped, point 430. In sleep mode, step 328, any other 
suitable portions of the radiotelephone 104 are shut down, consistent with 
the goal of slotted mode operation of reducing the on time of the 
radiotelephone 104 to a rrunimum and of powering down as much of the 
radiotelephone 104 as possible during sleep periods. 

The sleep time controller 200 times a sleep duration using a coarse 
resolution clock: During sleep mode, riming is performed by the sleep 
timer 210 in response to the sleep clock signal. Thus, in the sleep mode, the 
sleep time controller 200 simulates system timing until end of the sleep 
duration defined by the events stored in the registers 216. While the 
radiotelephone 104 is asleep, it does not receive any PN roll information in 
the form of PN roll boundaries, point 434, since the RF portion 109 of the 
analog front end 108 and the modem 110 are powered down. 

During the sleep time, the contents of the sleep timer 210 and the 
contents of the first register 230 are provided to the comparator 214, step 
329. The method remains in a loop including step 328 and step 329. When 
the contents of the sleep timer 210 equals the contents of the first register 
230 (ENOSCTIME), a match signal is provided to an input 250 of the select 
logic 218. In response, at step 330, the select logic 218 provides a signal 
(labelled ENOSC in FIG. 2) to restart the oscillator 116, point 436. The 
radiotelephone 104 continues in sleep mode, step 332. 

Subsequently, the contents of the sleep timer 210 and the contents of 
the second register 232 are compared in the comparator 214, step 334. The 
method remains in the loop including step 332 and step 334. When the 
value in the sleep timer 210 equals WARMUPTIME, a signal is asserted to 
cause clocking signals to be provided to the input 122 of the call processor 
112 (FIG. 1) and, at step 336, to turn on the RF portion 109 of the analog 
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- *e short PN seouen^ ££££ ^ J~ 
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operation. As is indicated in FIG. 5, step 502, interrupts are detected and 
processed at any of step 306, step 328 or step 332 of FIG. 3A and FIG. 3B. 

In the illustrated embodiment, the timing controller 114 (FIG. 1) is 
configured to receive interrupt signals at the interrupt input 132. At step 
504, an interrupt signal is received at the interrupt input 132. In response 
to the interrupt signal, the timing controller 114 activates the call processor 
112, for example, by providing clock signals to the input 122 and an 
interrupt request to the interrupt input 124, to handle the interrupt. 

At step 508, the call processor 112 determines if the radiotelephone 
needs to wake up to process the interrupt. The radiotelephone 104 will 
have to wake up to process an interrupt, for example that requires the 
radiotelephone 104 to originate a call or change operational modes. If the 
radiotelephone does not need to wake up, at step 510 the call processor 112 
executes the necessary operations and clears the interrupt request received 
at the interrupt input 124, step 510. At step 512, the call processor 112 is de- 
activated, returning to the low-power sleep mode. At step 514, the method 
continues with regular siotted mode operation described above in 
conjunction with FIG. 3A and FIG. 3B. 

If, at step 508, the caU processor 112 determined that the 
radiotelephone 104 needs to wake up to process the interrupt, at step 516 
the call processor 112 determines a point in the future at which the 
modem 110 will begin monitoring the channel. The call processor 112 
programs the sleep timer 210 and the reference timer 204 to wake up the 
radiotelephone 104 at this new time. At step 518, the call processor 
programs the LSG 120 in the modem 110 to correspond to the same point 
in time. At step 520, the radiotelephone 104 continues processing sleep 
mode as illustrated in FIG. 3A and FIG. 3B, but using the time values and 
the PN roll boundary determined in step 516 and step 518. 

As can be seen from the foregoing, the present invention provides a 
radiotelephone and a method for operating a radiotelephone in slotted 
paging mode. Prior to entering a low power sleep state, the radiotelephone 
calculates the time to wake up and other intermediate times corresponding 
to wake up events. These include the time to restart an oscillator, the time 
to activate RF circuitry and the time to start clocking a modem. Also, 
before entering sleep, the radiotelephone determines the linear sequence 
generator state required at the wake up time and advances the LSG in the 
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using a fine resolution clock signer AoT ^f? T SyStem ^ 
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Claims 

1. A method for operating a mobile station in a radiotelephone 
system, the method comprising the steps of: 

(a) entering a low power sleep mode; 

(b) timing a sleep duration using a coarse resolution clock; 

(c) synchronizing timing of the mobile station to system timing 
using a fine resolution clock; and 

(d) exiting the low power sleep mode synchronized with system 
timing. 



2. A method as recited in claim 1 wherein step (a) comprises the 
step of inactivating the fine resolution clock. 

3. A method as recited in claim 2 wherein the method further 
comprises the step of activating the fine resolution clock at a time 
sufficiently before step (c) to allow the fine resolution clock to stabilize. 

4. A method as recited in claim 1 further comprising the steps 

of: 

prior to entering the low power sleep mode, determining an offset 
between the fine resolution clock and the coarse resolution 
clock; and 

prior to exiting the low power sleep mode, adjusting timing of the 
mobile station by combining timing of the coarse resolution 
clock and the offset. 



5. A method as recited in claim 1 further comprising the steps 

of: 

receiving a system timing indicator; 

storing an offset time corresponding to a difference between timing 
of the system timing indicator and timing of the coarse 
resolution clock; 

deterauning a wakeup time; 
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coning th^ren- tiTt ta data 5 COmPriSin « * e ste P * 

a Jj^sr^^r subslan,ially synd — y 

—r comptiTa ^ZI^to^~^ 

operate in a CD^A £££ <CDMA) 

comprising: rad '°^Phone system, the CDMA radiotelephone 

a sleep clock which produces a coarse resolution clock sienal- 
an oscuiator which produces a fine resolution dock^ ' 
a .unurg controller which places a portion of the CDmT 

radiotelephone including the oscillator in a low power sleep 
mode, the tuning controls timing duration o, tl low ^ 
power sleep mode in response to the coarse resolution clock 

a dock edge synchronizer which synchronizes throng „, the CDMA 
radrotelephone to system riming of the CDMA 

TT?^ SySt6m USi " 8 *" *» «-°»«ta, clock signal 

CDMA radrotelephone from the low power sleep mode 
synchronized with system Hming. 
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9. A CDMA radiotelephone as recited in claim 8 wherein the 
clock edge synchronizer comprises: 

an offset register for storing an offset time corresponding to a 
difference between timing of a received system timing 
indicator and timing of the coarse resolution clock signal; 
a sleep timer for timing duration of the low power sleep mode and 

producing a match signal at a prewake time; and 
a reference timer which times the offset time after the sleep timer 
produces the match signal, 
the clock edge synchronizer removing the portion of the CDMA 
radiotelephone from the low power sleep mode upon expiration of the 
reference timer. 

10. A CDMA radiotelephone as recited in claim 9 further 
comprising: 

a modem for detecting system timing indicators transmitted by the 

CDMA radiotelephone system, 
the offset time corresponding to a difference between timing of a 

last received system timing indicator and a last edge of the 

coarse resolution clock signal. 
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